The synthesized akdalaite samples were first inspected with laboratory PXRD and the crystal morphology was investigated with SEM. Akdalaite synthesized using the Al-floc starting material was nearly pure akdalaite with minor corundum impurity but had a needle morphology ( Figure 4 ). The akdalaite synthesized from nanocrystalline boehmite also had a minor corundum impurity but had a hexagonal plate morphology suitable for SC-XRD ( Figure 5) . The 1-g sample synthesized from boehmite for NPD utilized a much longer capsule (5.5 cm) and was likely subject to a higher thermal gradient in the cold-seal vessel, which resulted in a higher amount of impurity corundum ( Figure 6 ).
Initial Characterization
The synthesized akdalaite samples were first inspected with laboratory PXRD and the crystal morphology was investigated with SEM. Akdalaite synthesized using the Al-floc starting material was nearly pure akdalaite with minor corundum impurity but had a needle morphology ( Figure 4 ). The akdalaite synthesized from nanocrystalline boehmite also had a minor corundum impurity but had a hexagonal plate morphology suitable for SC-XRD ( Figure 5 ). The 1-g sample synthesized from boehmite for NPD utilized a much longer capsule (5.5 cm) and was likely subject to a higher thermal gradient in the cold-seal vessel, which resulted in a higher amount of impurity corundum ( Figure 6 ). 
Solid State NMR of Natural and Synthetic Akdalaite
For the synthetic sample, the tetrahedral Al gives a signal from +65 to +35 ppm, broadened by second-order quadrupolar effects ( Figure S4 ). The six-coordinate Al yields a complex feature from +20 to -10 ppm. The resonances in the synthetic spectrum display sharp features owing to the high crystallinity and purity of the sample, while the spectrum of the natural sample contains signal in the same shift regions but is less resolved due to contributions from paramagnetic impurity elements in akdalaite as well as the other accessory phases that comprise the sample (σ-Al2O3, fluorite, and mica). Additional minor, narrow peaks for four-coordinate Al occur in the spectrum of the synthetic sample at +72 and +67 ppm that likely arise from impurities but which cannot be assigned to any known phase based on literature data.
High-Energy Powder X-ray Total Scattering
High-energy X-ray total scattering data were collected at the 11-ID-B beamline at the APS using ~20 mg of synthetic akdalaite in a Kapton capillary. The 2D diffraction data were collected at 58.26 keV (λ = 0.2128 Å ) using a Perking-Elmer XRD 1621 detector. The geometry of the experimental setup was calibrated with a CeO2 standard (NIST 674a) and the data were integrated into a 1D pattern using the program Fit2D. [1] The total scattering function (S(Q)) and pair distribution function (PDF, G(r)) were obtained using a Qmax of 25 Å -1 with the program PDFgetX2 with standard and area detector geometry corrections [2, 3] . Figure S4 . 27 Al MAS NMR spectra of synthetic crystalline akdalaite and natural akdalaite Crystalline akdalaite was studied with X-ray total scattering so as to compare the real space PDF to that of 6-line ferrihydrite (6-nm diameter particles) and evaluate the structural relationship between the two compounds. The PDF of two isostructural compounds cannot be compared directly, as the difference in the metal-oxygen (M-O) distances will propagate through the PDF, increasing the off-set of related pairs with distance. The differences in M-O distance can be accounted for in an empirical manner by comparing the PDFs of known crystalline structural analogues. Corundum (Al2O3) and hematite (Fe2O3) were chosen to determine the shift in pair correlations between aluminum and ferric iron, as the structure has a mix of edge, corner, and face sharing octahedra. There is no ideal Al and Fe analogue that has both octahedral and tetrahedral coordination with only +3 metal oxidation states. The PDFs for corundum and hematite were calculated from structure files using the program PDFgui with a Qmax of 25 Å -1 [4] [5] [6] . The overlaid PDFs of corundum and hematite are show in Figure 15 . While being structurally analogous, the intensity of the related peaks in the PDFs are very different, as the intensity is still a function of the scattering power of the atoms. From the PDFs, the r-shift (Fe-Al Δr) for identical peaks is plotted as a function of average distance of those peaks in r ( Figure 16 ). There is a strong linear correlation between the amount of r-shit between equivalent peaks and distance, so the equation of the trend line in Figure 16 (S1)
X-ray Total Scattering and Pair Distribution Function Analysis
The PDF of corundum was shifted using Equation S1 and is shown with the PDF of hematite in Figure  17 . It now becomes clear that corundum and hematite are isostructural, as the peaks in the PDF now overlay each other. The peak position alignment is not perfect after applying the r-shit to corundum, as it is an empirical correction but nonetheless a powerful approach for comparing structurally analogous compounds. At a first glance, the PDF patterns of crystalline akdalaite and 6-line (6 nm) ferrihydrite (data from [7] ) appear to have nothing in common ( Figure 18 , top). However, after the akdalaite data are shifted using the empirical Al-Fe r-shift equation (Equation S1) derived from the corundum-hematite data, the peaks in both datasets align (Figure 18 , middle). The patterns are easiest to compare when they represent the same size regime as well. The akdalaite data was additionally enveloped to mimic the data of spherical nanoparticles with a diameter (d) of 30 Å using the envelope function ( ) of Equation S2, which is multiplied to the akdalaite G(r) [8] . The Θ( − ) term is a step function that eliminates distances outside the diameter of the particle, as it is 1 when r < d, and 0 otherwise:
In comparing the akdalaite data that has been linearly shifted and enveloped to a comparable particle size of ferrihydrite ( Figure 18 ), it becomes obvious that the PDF patterns are extremely similar and share a common structure. These similarities between the adjusted akdalaite and 6-line ferrihydrite PDFs provide new evidence that ferrihydrite and akdalaite are indeed isostructural. JANA .m40 file contents 8 0 0 1 11.21502 0.000000 0.000000 0.000000 0.000000 0.000000 100000 0.000000 0.000000 00 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 000000 Al1 1 2 0.500000 0.834322 0.668644 0.977450 0.001949 0.001604 0.002127 0.000802 0.000150 0.000301 0101111010 Al2 1 2 0.166667 0.333333 0.666667 0.769781 0.001700 0.001700 0.001520 0.000850 0.000000 0.000000 0001101000 Al3 1 2 0.166667 0.333333 0.666667 0.160387 0.001535 0.001535 0.001810 0.000768 0.000000 0.000000 0001101000 O1 2 2 0.166667 0.000000 0.000000 0.097059 0.002204 0.002204 0.000928 0.001102 0.000000 0.000000 0001101000 O2 2 2 0.500000 0.971877 0.485938 0.112879 0.001681 0.001987 0.002184 0.000841-0.000354-0.000177 0101111010 O3 2 2 0.500000 0.165937 0.834063 0.873912 0.001375 0.001375 0.002381 0.000303 0.000503-0.000503 0101101110 O4 2 2 0.166667 0.666667 0.333333 0.866656 0.001903 0.001903 0.000749 0.000951 0.000000 0.000000 0001101000 H1 3 1 0.166667 0.000000 0.000000 0.206196 0.002135 0.000000 0.000000 0.000000 0.000000 0.000000 0001000000
CIFs

Akdalaite Single Crystal X-ray Diffraction
.030289 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 Al1 0.000000 0.000029 0.000058 0.000406 0.000109 0.000129 0.000164 0.000064 0.000048 0.000095 Al2 0.000000 0.000000 0.000000 0.000409 0.000154 0.000154 0.000292 0.000077 0.000000 0.000000 Al3 0.000000 0.000000 0.000000 0.000409 0.000145 0.000145 0.000276 0.000072 0.000000 0.000000 O1 0.000000 0.000000 0.000000 0.000444 0.000281 0.000281 0.000468 0.000141 0.000000 0.000000 O2 0.000000 0.000143 0.000072 0.000414 0.000234 0.000193 0.000281 0.000117 0.000228 0.000114 O3 0.000000 0.000088 0.000088 0.000415 0.000250 0.000250 0.000349 0.000258 0.000089 0.000089 O4 0.000000 0.000000 0.000000 0.000434 0.000333 0.000333 0.000531 0.000166 0.000000 0.000000 H1 0.000000 0.000000 0.000000 0.000519 0.000000 0.000000 0.000000 0.000000 0.000000 0.000000 
